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ABSTRACT
Various systems of anthropometry have been developed 
through the years in an attempt to elucidate important 
characteristics of the human dentition. Few methods are 
currently relied upon as valuable indicators of age, race 
or sex.
The computerized study of anterior tooth positions is 
an attempt at further elucidation of age, race and sex 
characteristics. Bite marks in wax from a general 
population sample of known age, race and sex are the basis 
for this computerized study. The computerized procedure 
allows for the examination of minute variation in tooth 
position. Twelve teeth in total are analyzed for every 
specimen.
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CHAPTER I
INTRODUCTION AND METHODOLOGY
There have been many reports published in which bite 
marks have played a decisive role in criminal 
investigations (Pitluck 1989). Human bite marks as 
incriminatory evidence at the scene of a crime may be found 
in various materials, such as foodstuffs, and other 
inanimate objects or upon a human victim or an assailant. 
They have been found in cases of robbery, homicide, sexual 
assaults and the child abuse syndrome (Rawson 1989).
During the initial evaluation of a bite mark, it must 
first be determined if a bite mark is a bite mark, and if 
it is, is it animal or human. There are some objects which 
can simulate a bite mark such as a belt buckle or a pendant 
with serrated edges (Burkes 1989). Factors which indicate 
whether a bite mark is human or animal include the shape of 
the bite mark and other distinguishing characteristics such 
as "suck marks" and superficial abrasion patterns produced 
by humans or deep perforations, tissue tearing and 
lacerations produced by animals.
Initial analysis of a bite mark will reveal whether it 
qualifies as evidence in a case. The clarity and quality
of the bite mark and the presence of distinguishing 
characteristics are important factors in determining its 
validity. Conditions which can preclude its acceptability 
are indistinct tooth marks or other extenuating conditions 
such as the onset of putrefaction in a corpse (Gustofson 
1966). It is imperative that the investigation should 
begin as soon as possible. With the passage of time 
certain characteristics of the bite mark may fade and 
indentations may disappear (Sopher 1976). However, these 
changes do not necessarily void the importance of bite mark 
analysis.
Bite mark analysis usually involves a comparison of 
the bite mark with the dentition of a suspect. It is 
important to reproduce accurately the bite mark for 
examination away from the body. The bite mark is 
photographed and impressions taken. The anatomic area 
where the bite occurred may also be removed for 
preservation as evidence and further study. An attempt 
should also be made to obtain saliva secretory substance 
from the area of the bite. Approximately 80 percent of the 
population are secretors (Sopher 1976). The saliva 
contains evidence of ABO blood type, the long term blood 
group protein antigenic complexes.
Because of the role played by small details in teeth 
or in dental restorations, a careful comparison of the 
teeth of a suspect and the bite mark are needed to discover
if the features of the bite mark correspond to those of the 
suspect's dentition. However, what if there is no suspect. 
What conclusions can be drawn from the bite mark itself as 
far as the age, race and sex of the individual who 
inflicted it.
If emphasis is to be placed upon certain 
characteristics of the teeth it is important to know how 
common are these features which may be demonstrable in bite 
marks, and if these features are present, how do they 
relate to age, race and sex. It is the purpose of this 
paper to discuss some features of a dentition which might 
produce characteristic marks and to determine the 
frequency of these features in a given population. Some of 
these features include shovel-shaped incisors, restored 
teeth, chipped teeth, missing teeth or other 
characteristics of the teeth. Tooth rotation for each 
tooth will also be assessed. Finally, the maximum, 
minimum and average arch sizes for a population sample will 
be analyzed.
The data used in this study are the same as were used 
in a previous study done by Rawson et al (1984) to 
determine the uniqueness of the human dentition. For that 
study, the population sampling was 384 bite marks. That 
final group was structured to include various age, race and 
sex groups representative of the general population. A 
total of 1200 bites were originally collected by forensic
4
odontologists from different parts of the United States.
Bite mark samples were obtained from the following states: 
Alaska, California, Illinois, Kansas, Nevada, New York,
Ohio and Texas. The bite marks were then processed by the 
authors to determine that statistical base.
The bite marks were recorded on custom-made and
(fi)standardized wafers of Kerr® 1 mm. thick boxing wax which 
was folded over a cardboard (Zellerback Paper Co., Las 
Vegas, NV), base (Fig. 1). Each wax bite card was numbered 
and attached to a correlating questionnaire (Fig. 2). The 
forensic odontologist was given instructions to record the 
bite in the protrusive position so as to record the incisal 
edges of the six maxillary and six mandibular anterior 
teeth. These are the teeth which most frequently give 
useful bite marks. While the premolar teeth sometimes give 
marks, it is often difficult to distinguish upper and lower 
teeth at the point where the marks of the maxillary and 
mandibular arch join. The canine teeth most often give 
clear and distinctive marks, therefore, the arch formed by 
the anterior teeth are decribed with reference to the 
canine positions. The Universal System was used to number 
each tooth as shown in Figure 3. In this system when 
viewed from the occlusal surface, the teeth are numbered 
from 1 to 32, starting with the maxillary right third molar 
and ending with the mandibular right third molar. It 
should be noted in Figure 5 that this is a representation
5
NO. __
70mm
40mmJ I
40mm — »
Figure 1. Wax bite card used for recording the incisal edges 
of the twelve anterior teeth. Adapted from Rawson (1984).
Bite Number - , _ ^—  — ______ Color of Eyes
Today's Date 0 ,— ---------.------- Color of Hair
Birth Date n _ —    Preferred Foods
Height ft. inches
Weight _________  lbs. Sex: M F
Race -White 
-Black 
-Asian 
-Hispanic 
-Indian 
-Other
Investigator notes
Restored teeth ______ ____ __________
Missing teeth  _____________
Broken teeth  ______________________
Dental frequency 
Other coirments
Figure 2. Questionnaire used to gather information in bite 
mark study. Adapted from Rawson (1984).
RIGHT
%
*
THIRD MOLAR 
SECOND MOLAR 
FIRST MOLAR 
SECOND PREMOLAR 
FIRST PREMOLAR 
CANINE
LATERAL INCISOR 
CENTRAL INCISOR
LEFT
73
Figure 3. Universal System for numbering maxillary 
and mandibular dental arches. Adapted from Wheeler 
(1974).
of a bite mark in a wax wafer, therefore the teeth are 
numbered in a counterclockwise direction. The proximal 
surface in the surface of the tooth which faces toward 
adjacent teeth in the same arch. This surface may be 
either the mesial or distal surface. The proximal surface 
which is toward the median line is called the mesial 
surface while the surface away from the median line is 
called the distal surface (Wheeler 1974). The wax wafer 
was 1 mm. thick on each side of the 1 mm. hard cardboard. 
The instructions included with the wax bite cards asked for 
a firm bite in order to record all incisal edges to the 
maximum limited depth. A scale mark was placed in the wax 
bite close to the tooth indentations with a Boley Gauge® 
set to 1 cm.
The final assessment was then based on the findings of 
these wax bites. The indentations in the wax bite were
(S)carefully filled with Baker reagent grade zinc dust in
order to transfer the information of the bite and scale
®mark. The wax bites were then radiographed with Kodak 
ultraspeed x-ray film. An S.S. White® 90 kvp, 15-m x-ray 
machine was used to expose the film. A standardized 
distance was set at 41 cm. (16 in.) from the focal spot of 
the cathode ray tube. To minimize enlargement of the 
resulting radiograph, the film was placed in direct contact 
with the wax. The central ray was placed at 90° to the 
wax surface. Figure 4 shows the small amount of 
magnification produced by using the long cone parallel
8
Target
406.4mm
Bite plane
2mm
40mmFilm plane
Figure 4. Diagram showing low percentage of image 
magnification using long cone parallel technique. 
Adapted from Rawson (1984).
9
technique to expose the film. The resulting magnification 
is less than 0.5%. Each side of the wax bite card was 
radiographed using this technique. The processed 
radiographs with the resulting image of the incisal edges 
were then filed along with their corresponding 
questionnaire.
The image from each film was then enlarged to three 
times its normal size and traced onto computer sheets with 
1 mm. grids. The arches were then oriented with the distal 
edge of each canine touching a baseline. A perpendicular 
line was drawn from the baseline to the mesial of the right 
central incisor (Fig. 5). A line was then drawn through 
the greatest mesial and distal point for each tooth. This 
distance was then divided in half to establish the absolute 
linear center for each tooth. The center points were then 
recorded by taking their x and y coordinates for each 
center point (Fig. 5). In addition, the angle of rotation 
for each tooth was determined by the mesial-distal center 
line continued to the mesial and recording the angle 
produced from a zero point on the y axis.
The recorded information in the original study was 
entered into an Apple® II plus microcomputer along with the 
information obtained on the questionnaire. This data was 
then reprogrammed by the University of Nevada System 
Computing Center (University of Nevada, Las Vegas) to be 
used with the Cyber 830 and Sun System. This data was
10
again transformed in order to be analyzed with the SPSSX 
(Statistical Package for the Social Sciences 1986).
280
1mm
X
Figure 5. Diagram showing the orientation of the 
bite mark to the x and y axis, the center point 
establishment and the angle determination. Adapted 
from Rawson (1984).
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CHAPTER II 
COMPUTERIZED ANALYSIS OF AGE
The original sample size of 1200 bite marks was 
examined for clarity and accuracy of the marks. The 
questionnaires were also screened for their completeness. 
This produced a final sample size of 384 bite marks. These 
were used to match the theoretical number required for 
statistical confidence to 0.1. The sample size was then 
increased to 397 in order to test observer error. The age 
breakdown of the population sample is shown in Table 1. In 
Table 2 are found the racial and sex breakdown of the 
sample. The sample represents a general cross section of 
the United States and may be considered a small sample. 
However, it follows arithmetic indicators for sample size.
In this study the age range was 5 to 76 years, with 
most of the population sample falling between 17 and 32 
years. First the data was processed to determine if any 
age relationship could be found among the bite marks. The 
samples were placed into four age groups: 5-13, 13-19,
20-50, 51-76. The different race and sex groups were 
compared, with the males and females within each racial 
group separated. The following details were considered in
Age
5
7
9
10
11
12
13
14
16
17
18
19
20
21
22
23
24
25
26
12
TABLE 1
AGE BREAKDOWN
unber Age Number Age Numbc
2 27 17 46 3
1 28 10 47 3
1 29 7 48 2
2 30 16 49 4
3 31 11 50 1
4 32 14 51 1
2 33 4 52 2
5 34 9 53 2
4 35 6 54 3
26 36 6 55 3
8 37 5 56 2
6 38 5 57 1
31 39 6 61 2
13 40 5 62 1
11 41 8 63 1
19 42 3 64 1
30 43 5 68 1
30 44 4 69 1
18 45 3 73
1 76
1
1
TABLE 2 
SEX AND RACE BREAKDOWN
Number Percent
Male 222 55.9
Female 175 44.1
White 301 75.8
Black 28 7.1
Asian 33 8.3
Hispanic 24 6.1
Other 11 2.7
13
the comparison: (a) shovel-shaped incisors; (b) restored
teeth; (c) chipped teeth; (d) missing teeth. In Table 3 
the percentages for each tooth characteristic was 
calculated for the total population in the four age groups 
selected. The percentage of shoveling is found to be 
greatest in the 5 to 12 year age group and tends to 
decrease with each increasing age group. This anomaly is 
not something which developes or diminishes with age but is 
present when the tooth erupts.
The 20 to 50 year age group shows the highest number 
of restored teeth with tooth number 9 in the 51 to 76 year 
age group showing the highest percentage of restoration.
A higher percentage of chipped teeth are found in the 
two older age group catagories. The 20 to 50 year age 
group have six of the twelve anterior teeth involved while 
the 51 to 76 year age group has higher percentages of those 
four anterior teeth which were chipped.
Teeth which are recorded as missing show a higher 
frequency in the 5 to 12 year age group. This is probably 
related to this population group going through a 
transitional period of losing deciduous (primary) teeth as 
they are replaced by the permanent dentition. The first 
exchange of teeth occurs around six years of age and 
continues for about two years. Most notable during this 
period is the staggered exfoliation of the primary incisors 
with intermittent periods where there are no erupted or
14
TABLE 3
AGE GROUPS
Tooth # shovel (%) restored(%) chip(%) other (%) missinq(%)
6 30.8
7 38.5 7.7
8 38.5 7.7
9 30.8 7.7
10 7.7
11
22
23 30.8
24 30.8
25 23.1 7.7
26 30.8
27
All races, male and female, ages 5 to 12 years. Valid cases = 13.
Tooth # shovel(%) restored(%) chip(%) other(%) missing (%)
6
7 19.6
8 29.4 2.0
9 25.5 3.9
10 11.8 2.0
11
22 2.0
23 13.7
24 19.6
25 17.6 2.0
26 13.7
27
All races, male and female, ages 13 to 19 years. Valid cases = 51.
TABLE 3 (continued)
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Tooth # shovel(%) restored {%) chip(%) other(%) missing(%)
6 0.3 2.9 0.6 0.6
7 11.6 6.1 0.6 1.0 0.6
8 19.0 7.7 1.6 0.3
9 18.7 8.4 1.0 0.3
10 11.6 9.0 0.3 0.6
11 0.6 2.9 0.6 0.6
22 1.0 1.0
23 8.4 0.6
24 11.3 1.0 1.0 0.6
25 10.6 2.6 1.0 1.0
26 8.1 1.0 0.6
27 0.3 1.0 0.3
All races, male and female, ages 20 to 50 years. Valid cases = 310.
Tooth # shovel (%) restored(%) chip(%) other(%) missing(%)
6 4.3
7 8.7 4.3 4.3
8 13.0 8.7 4.3
9 17.4 13.0 4.3
10 8.7 8.7
1 1 _______________________________________
22 4.3
23 4.3
24 8.7 4.3
25 4.3 4.3
26 4.3 4.3
27 4.3
All races, male and female, ages 51 to 76 years. Valid cases = 23.
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fully erupted complement of permanent incisors (Ranly 1980). 
The 20 to 50 year group shows a greater number of teeth 
which were recorded as missing. Each tooth in the maxillary 
arch was found to be missing to a certain percentage, while 
three teeth, numbers 24, 25 and 26, in the mandibular arch 
were missing in low frequencies. Teeth which are found to 
be missing in the 20 to 50 year age group may be caused by 
several conditions such as extensive caries leading to 
extraction or periodontal disease. In the United States 
more than half the people over 40 years of age have lost at 
least one tooth due to this disease (Grant, Stern and 
Everett 1979). It is interesting to note that in the 51 to 
76 year age group no teeth were recorded as missing.
As shown in Table 4, the male only population follows 
the same general trends found in the total population. 
However, in the total male population group, there are no 
teeth recorded as missing in the 5 to 12 year group. The 
same is true of the maxillary teeth in the 20 to 50 year 
group, and in this same age group no shovel-shaped incisors 
were found in the mandibular arch as was found in the total 
population sample for this age group.
Within each racial group for the male population 
sample, each of the four age groups did not follow the same 
general trends found in the total population except for the 
White males in the 20 to 50 year age range as shown in 
Table 5. The most frequently recorded characteristic for
17
TABLE 4 
AGE GROUPS
Tooth # shovel (%) restored (%) chip(%) other (%) missing(%)
6
7 28.6
8 28.6 14.3
9 28.6 14.3
10 28.6
11
22
23 42.9
24 42.9
25 28.6 14.3
26 42.9
27
All races, male only, ages 5 to 12 years. Valid cases = 7.
Tooth # shovel(%) restored(%) chip(%) other(%) missing(%)
6
7 24.0
8 24.0
9 20.0 8.0
10 8.0
11
22
23 8.0
24 20.0
25 16.0 4.0
26 8.0
27
All races, male only, ages 13 to 19 years. Valid cases = 25.
TABLE 4 (continued)
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Tooth # shovel (%) restored(%) chip(%) other {%) missinq(%)
6 3.4 1.1
7 10.8 5.7 1.1
8 15.9 9.7 2.8
9 14.8 9.1 1.1
10 9.7 8.5 0.6
11___________________1.7 1.1
22 1.1
23 5.1 1.1
24 8.5 1.1 0.6 1.1
25 8.0 4.0 1.1 1.7
26 5.7 1.7 1.1
27 1.7 0.6
All races, male only, ages 20 to 50 years. Valid cases = 176.
Tooth # shovel (%) restored(%) chip(%) other(%) missinq(%)
6 7.1 7.1
7 7.1 7.1 7.1
8 7.1 7.1 7.1
9 7.1 14.3
10 7.1 14.3
11
22 7.1
23
24
25
26 7.1
27 7.1
All races, male only, ages 51 to 76 years. Valid cases = 14.
TABLE 5
19
AGE GROUPS
Tooth # shovel(%) restored(%) chip(%) other(%) missincr(%)
6
7
8 
9
10
11
22
23 100.0
24 100.0
25 100.0
26
27______________________________________________________
Black, males only, ages 5 to 12 years. Valid cases = 1.
Tooth # shovel(%) restored(%) chip(%) other(%) missinq(%) 
6
7 50.0
8 50.0
9 50.0
10 50.0
11
22
23 50.0
24 50.0
25 25.0 25.0
26 50.0
27 _____
Asian, males only, ages 5 to 12 years. Valid cases = 4.
TABLE 5 (continued)
20
Tooth # shovel(%) restored(%) chip(%) other (%) missinq(%)
6
7
8 50.0
9 50.0
10
11
22
23
24
25
26
27
Other, males only, ages 5 to 12 years. Valid cases = 2.
Note: No valid cases existed for White or Hispanic males
in the 5 to 12 year age group.
Tooth # shovel {%) restored (%) chip(%) other (%) missing (%)
6
7 13.3
8 13.3
9 20.0 6.7
10 6.7
11
22
23
24 6.7
25 6.7
26
27
White, males only, ages 13 to 19 years. Valid cases = 15.
TABLE 5 (continued)
21
Tooth # shovel(%) restored (%) chip(%) other(%) missinq(%)
6
7 50.0
8 50.0
9 50.0
10
11
22
23
24
25
26
27
Black, males only, ages 13 to 19 years. Valid cases = 2.
Tooth # shovel (°o) restored(%) chip(%) other (%) missing(%)
6
7 75.0
8 75.0
9 25.0 25.0
10 25.0
11
22
23 50.0
24 75.0
25 75.0
26 50.0
27
Asian, males only, ages 13 to 19 years. Valid cases = 4.
TABLE 5 (continued)
22
Tooth # shovel (%) restored(%) chip(%) other(%) missinq(%)
6
7
8 
9
10
11 _____
22
23
24 25.0
25 25.0
26
27_______________________________________________________
Hispanic, males only, ages 13 to 19 years. Valid cases = 4.
Tooth # shovel (%) restored(%) chip(%) other (%) missinq(%)
6 3.5 1.4
7 8.3 6.3 0.7
8 11.1 10.4 2.1
9 11.8 10.4 1.4
10 8.3 9.0 0.7
11 1.4 1.4
22 1.4
23 1.4 1.4
24 4.2 1.4 0.7 1.4
25 4.2 3.5 1.4 2.1
26 2.1 1.4 1.4
27 2.1 0.7
White, males only, ages 20 to 50 years. Valid cases = 144.
TABLE 5 (continued)
23
Tooth # shovel(%) restored(%) chip(%) other(%) missincr(?6)
6
7 11.1
8 33.3
9 33.3
10 11.1
11
22
23 11.1
24 11.1
25 11.1 11.1
26 11.1 11.1
27
Black, males only, ages 20 to 50 years. Valid cases = 9.
Tooth # shovel {%) restored(%) chip(%) other(%) missincr(%)
6
7 50.0
8 62.5 12.5
9 25.0
10 25.0
11
22
23 62.5
24 62.5
25 50.0 12.5
26 62.0
27
Asian, males only, ages 20 to 50 years. Valid cases = 8.
TABLE 5 (continued)
24
Tooth # shovel (%) restored(%) chip(%) other(%) missinq(%)
6 10.0
7 20.0 10.0
8 30.0 10.0 10.0
9 30.0 11.0
10 20.0 10.0
11  ___
22
23 10.0
24 30.0
25 30.0
26 10.0 
27
Hispanic, males only, ages 20 to 50 years. Valid cases = 10.
Tooth # shovel(%) restored(%) chip(%) other(%) missing(%)
6 20.0
7 20.0
8 20.0
9 20.0
10
11________________________________________
22
23
24
25
26 
27
Other, males only, ages 20 to 50 years. Valid cases = 5.
TABLE 5 (continued)
25
Tooth # shovel(%) restored(%) chip(%) other(%) missinq(%)
6 11.1
7 11.1 11.1
8 22.2
9 22.2
10 11.1
11
22
23
24
25
26
27______________________________________________________
White, males only, ages 51 to 76 years. Valid cases = 9.
Tooth # shovel(%) restored(%) chip(%) other(%) missing(%)
6 20.0
7 20.0
8 20.0 20.0
9 20.0
10
11
22
23
24
25
26 
27
20.0
20.0
20.0
Black, males only, ages 51 to 76 years. Valid cases = 5. 
Note: No valid cases existed for Asian, Latin or Other males 
in the 51 to 76 year age group.
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all the races was the shovel-shaped incisors.
In general, the total female population follows the 
same trends found in the total population group (see 
Table 6). However, in the 5 to 12 year group there are no 
teeth listed as restored and in the 20 to 50 year group 
there are no missing teeth recorded for the lower arch. 
Within each racial group of the female population, the 
four age groups did not follow the same general trends 
found in the total population as shown in Table 7. The 
most often recorded characteristic in the different female 
racial groups was the shovel-shaped incisors. The White 
and Black female groups both had a higher number of 
restored teeth in their maxillary arch than the other 
racial groups.
It should be noted that some of the racial groups 
within the different age groups had no valid cases from 
the total population to compute percentages for the 
different tooth characteristics.
When the tooth angles for each age group were compared
there were no significant angle changes observed. The
resulting data is shown in Table 8. The only mean angle 
which differed significantly was the mean angle for the 
maxillary right cuspid, tooth number six in the 5 to 12 
year age group. It had a mean angle of 296.000, which was
less than the other three age groups. In the 51 to 76 year
age group the maxillary left cuspid, tooth number eleven,
27
TABLE 6 
AGE GROUPS
Tooth # shovel (%) restored(%) chip(%) other (%) missincr(%)
6
7 33.3 16.7
8 50.0
9 50.0
10 33.3 16.7
11
22
23 16.7
24 16.7
25 16.7
26 16.7
27
All races, females only, ages 5 to 12 years. Valid cases = 6.
Tooth # shovel (%) restored (%) chip(%) other (%) missing (%)
6
7 15.4
8 34.6 3.8
9 30.8
10 15.4 3.8
11
22
23 3.8
24 19.2
25 19.2
26 19.2
27 19.2
All races, female only, ages 13 to 19 years. Valid cases = 26.
TABLE 6 (continued)
28
Tooth # shovel(%) restored (%) chip(%) other(%) missincr(%)
6 0.7 2.2 1.5
7 12.7 6.7 1.5 0.7 1.5
8 23.1 5.2 0.7
9 23.9 7.5 0.7 0.7
10 14.2 9.7 1.5
11 1.5 4.5 1.5
22 2.2 0.7
23 12.7
24 14.9 0.7 1.5
25 14.2 0.7 0.7
26 11.2
27 0.7
All races, female only, ages 20 to 50 years. Valid cases = 134.
Tooth # shovel {%) restored (%) chip(%) other(%) missina(%)
6
7 11.1
8 22.2 11.1
9 33.3 11.1
10 11.1
11
22
23 11.1
24 22.2 11.1
25 11.1 11.1
26 11.1
27
All races, female only, ages 51 to 76 years. Valid cases = 9.
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TABLE 7 
AGE GROUPS
Tooth # shovel(%) restored(%) chip(%) other{%) missing(%)
6
7 33.3
8 50.0
9 50.0
10 33.3
11
22
23 16.7
24 16.7
25 16.7
26 16.7
27
White, females only, ages 5 to 12 years. Valid cases = 6.
Note: No valid cases existed for Black, Asian, Hispanic
or Other females in the 5 to 12 year age group.
Tooth # shovel(%) restored(%) chip(%) other(%) missincT(%)
6
7 5.3
8 21.1
9 15.8
10 5.3
11
22 5.3
23
24
25
26 
27
White, female only, ages 13 to 19 years. Valid cases = 19.
TABLE 7 (continued)
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Tooth # shovel(%) restored(%) chip(%) other(%) missing(%)
6
7 75.0
8 100.0
9 100.0
10 75.0
11
22
23 100.0
24 100.0
25 100.0
26 100.0
27
Asian, female only, ages 13 to 19 years. Valid cases = 4.
Tooth # shovel (%) restored(%) chip(%) other(%) missing (%)
6
7
8 50.0
9 50.0
10
11
22
23 50.0
24 50.0
25 50.0
26 50.0
27
Hispanic, female only, ages 13 to 19 years. Valid cases = 2. 
Note: No valid cases existed for Black females in the 13 to
19 year age group.
TABLE 7 (continued)
31
Tooth # shovel (%) restored (%) chip(%) other {%) missing(%)
6 2.9
7 7.8 7.8 2.0 2.0
8 17.6 5.9 1.0
9 17.6 6.9 1.0
10 9.8 10.8 2.0
11 1.0 4.9
22
23 3.9
24 5.9
25 4.9
26 2.9
27
White, female only, ages 20 to 50 years. Valid cases = 102.
Tooth # shovel (%) restored(%) chip(%) other(%) missing(%)
6 12.5
7
8 12.5
9 12.5 25.0 12.5
10 12.5
11 12.5 12.5
22
23 12.5
24 12.5 12.5
25 12.5
26 12.5
27
Black, female only, ages 20 to 50 years. Valid cases = 8.
TABLE 7 (continued)
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Tooth # shovel(%) restored(%) chip(%) other(%) missinq(%)
6 7.7
7 53.8 7.7 7.7
8 69.2
9 69.2 7.7
10 53.8
11 7.7
22 23.1
23 76.9
24 76.9
25 76.9
26 69.2
27 7.7
Asian, female only, ages 20 to 50 years. Valid cases = 13.
Tooth # shovel (%) restored (%) chip(%) other (%) missincr(%)
6
7 25.0
8 37.5
9 37.5
10 25.0 12.5
11 12.5
22
23 25.0
24 37.5 12.5
25 37.5
26 25.0
27
Hispanic, female only, ages 20 to 50 years. Valid cases = 8.
TABLE 7 (continued)
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Tooth # shovel (%) restored(%) chip(%) other {%) missing(%)
6
7
8 33.3
9 33.3
10
11
22 33.3
23
24
25
26
27
Other, female only, ages 20 to 50 years. Valid cases = 3.
Tooth # shovel(%) restored (%) chip(%) other (%) missing(%)
6
7 16.7
8 16.7
9 33.3
10 16.7
11
22
23 16.7
24 33.3
25 16.7
26 16.7
27
White, female only, ages 51 to 75 years. Valid cases = 6.
TABLE 7 (continued)
34
Tooth # shovel (%) restored (%) chip(%) other (%) missino(%)
6
7
8 50.0 50.0
9 50.0 50.0
10
11
22
23
24 50.0
25
26
27
Black, female only, ages 51 to 76 years. Valid cases = 2. 
Note: No valid cases existed for Asian, Hispanic or for
the racial group listed as Other for females in the 51 to 
76 year age group.
35
TABLE 8 
TOOTH ANGLE
Tooth # Mean S.D. Min. Max. Valid No.
6 296.000 86.564 20 340 13
7 306.308 13.973 278 326 13
8 281.231 9.951 270 302 13
9 76.769 12.070 52 98 13
10 50.769 7.854 36 62 13
11 44.462 88.088 2 336 13
22 140.615 16.050 110 164 13
23 111.385 20.759 60 132 13
24 90.923 13.282 56 110 13
25 269.077 19.002 230 310 13
26 250.923 13.481 234 278 13
27 223.846 17.540 198 264 13
All races, male and female, ages 5 to 12 years.
Tooth # Mean S.D. Min. Max. Valid No.
6 328.431 10.743 300 350 51
7 303.529 11.486 278 332 51
8 281.216 10.889 256 314 51
9 79.608 10.598 56 108 51
10 55.098 11.575 30 88 51
11 34.275 47.482 0 354 51
22 141.922 17.731 46 166 51
23 115.529 11.693 76 142 51
24 93.569 8.902 70 112 51
25 264.314 11.302 242 290 51
26 243.529 12.977 214 270 51
27 216.941 11.726 186 240 51
All races, male and female, ages 13 to 19 years.
TABLE 8 (continued)
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Tooth # Mean S.D. Min. Max. Valid No.
6 320.387 41.244 6 354 310
7 303.432 17.971 116 354 310
8 278.239 14.812 80 318 310
9 78.245 19.272 30 294 310
10 54.194 21.841 10 354 310
11 38.445 56.400 0 358 310
22 140.168 15.410 28 172 310
23 114.097 13.703 0 150 310
24 95.439 18.804 14 264 310
25 262.658 20.228 102 316 310
26 245.787 13.552 202 338 310
27 217.303 14.385 164 326 310
All races, male and female, ages 20 to 50 years.
Tooth # Mean S.D. Min. Max. Valid No.
6 314.783 63.377 28 350 23
7 304.261 16.671 284 350 23
8 277.391 9.843 250 304 23
9 81.913 11.321 54 106 23
10 51.478 10.361 36 76 23
11 26.522 12.124 6 52 23
22 131.565 13.631 104 160 23
23 109.217 10.630 86 124 23
24 95.217 36.376 58 252 23
25 261.826 12.164 240 292 23
26 249.130 11.550 228 274 23
27 221.043 9.979 200 238 23
All races, male and female, ages 51 to 76 years.
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had a mean angle which was less than the other age groups.
It had a mean angle of 26.522.
The mean maxillary and mandibular arch depth and width 
for the four age groups are shown in Table 9. The mean 
maxillary arch width was found to increase with each age 
group. The mean mandibular arch width, in general, showed 
the same increase with each age group except for the 20 to 
to 50 year age group which showed a slight decrease in the 
mean value. The mean maxillary arch depth was found to
decrease after the 5 to 12 year age group. In the 5 to 12
year age group it is 11.077, while in the 51 to 76 year 
age group it decreased to 10.261. The mandibular arch 
depth showed an increase in the 13 to 19 year age group, 
then a decrease with the following two age groups.
Ranly (1980) describes how craniofacial growth changes 
with age. As the bone resorbs over the maxillary incisors 
during growth and development, the anterior teeth change 
their angulation so their roots are not exposed. There is 
a coordinated growth of the lower teeth and jaw with the 
upper. The lower incisors tend to become more upright in 
the adult dentition.
TABLE 9
38
DIMENSION FOR MAXILLARY AND MANDIBULAR ARCHES
VARIABLE Mean S.D. Min. Max. Valid No.
Upper Arch Width 31.231 3.216 24.67 37.67 13
Lower Arch Width 24.897 4.843 11.67 31.33 13
Upper Arch Depth 11.077 1.940 8.33 15.33 13
Lower Arch Depth 7.205 1.713 2.67 9.33 13
All races, male and female, ages 5 to 12 years.
VARIABLE Mean S.D. Min. Max. Valid No.
Upper Arch Width 32.484 2.148 26.00 38.67 51
Lower Arch Width 25.346 1.858 22.00 29.67 51
Upper Arch Depth 10.830 1.426 7.00 13.67 51
Lower Arch Depth 7.830 1.255 4.67 10.33 51
All races, male and female, ages 13 to 19 years.
TABLE 9 (continued)
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VARIABLE Mean S.D. Min. Max. Valid No.
Upper Arch Width 32.605 2.386 21.33 41.00 310
Lower Arch Width 25.302 2.206 19.33 33.33 310
Upper Arch Depth 10.800 1.700 5.67 16.00 310
Lower Arch Depth 7.801 1.453 2.67 12.00 310
All races, male and female, ages 20 to 50 years.
VARIABLE Mean S.D. Min. Max. Valid No.
Upper Arch Width 33.594 1.586 32.00 39.33 23
Lower Arch Width 25.739 2.160 21.00 30.00 23
Upper Arch Depth 10.261 1.815 7.67 14.67 23
Lower Arch Depth 7.493 1.605 3.67 11.33 23
All races, male and female, ages 51 to 76 years.
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CHAPTER III 
COMPUTERIZED ANALYSIS OF RACIAL GROUPS
In this study the racial groups which were analyzed 
included the White, Black, Asian, Hispanic and the group 
classified as Other. The questionnaire which was included 
with the wax bite card included Indian. However, no 
samples were returned which included Indian.
When the different tooth characteristics were compared 
between the different racial groups, the Asian population 
group was found to have the highest percentage of 
shovel-shaped anterior teeth, with all teeth exhibiting 
some degree of shoveling. The White population group 
showed the lowest percentage of shoveling while the 
population group classified as Other had no shovel-shaped 
lower anterior teeth and only the maxillary central 
incisors had that trait. The Black and Hispanic samples 
both had a higher percentage of shoveling than the White 
population but less than the Asian sample. These figures 
are consistent with other studies, however, the percentages 
in this study are higher (Comas 1960). The results of this 
study are shown in Table 10. The White population group 
also showed a greater number of restored, chipped and
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TABLE 10 
RACIAL GROUPS
Tooth # shovel(%) restored(%) chip(%) other(%) missina(%)
6 3.0 0.7
7 8.9 5.9 0.7 0.3 1.0
8 14.4 7.7 1.0 0.3
9 15.1 8.2 1.0
10 9.2 8.9 0.3 1.0
11 0.3 2.3 0.7
22 0.3 0.7
23 2.6 0.7
24 5.2 1.0 0.3 0.7
25 4.3 2.0 1.0 0.3 1.0
26 2.6 0.7 0.7
27 1.0 0.3
Total White population group. Valid cases = 301.
Tooth # shovel (%) restored {%) chip(%) other(%) missincr(°o)
6 3.6
7 7.1 3.6
8 21.4 7.1 3.6
9 25.0 10.7 3.6 3.6
10 3.6 3.6
11 3.6 3.6
22 3.6
23 10.7
24 10.7 3.6 3.6
25 10.7 7.1
26 10.7 3.6 3.6 3.6
27
Total Black population group. Valid cases = 28.
TABLE 10 (continued)
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Tooth # shovel(%) restored (%) chip(%) other (%) missing(%)
6 3.0
7 57.6 3.0 3.0
8 69.7 3.0
9 54.5 6.1
10 45.5
11 3.0
22 9.1
23 69.7
24 72.7
25 66.7 6.1
26 66.7
27 3.0
Total Asian population group. Valid cases = 33.
Tooth # shovel (%) restored {%) chip(%) other (%) missing (%)
6 4.2
7 16.7 4.2
8 29.2 4.2 4.2
9 29.2 4.2
10 16.7 12.5
11 4.2 4.2
22
23 16.7
24 33.3 4.2
25 33.3
26 16.7
27
Total Hispanic population group. Valid cases = 24.
TABLE 10 (continued)
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Tooth # shovel {%) restored{%) chip(%) other (%) missing (%)
6
7 10.0
8 20.0 10.0 10.0
9 20.0 10.0
10
11
22 10.0
23
24
25
26
27
Total Other population group. Valid cases = 11.
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missing teeth than the other racial groups.
The mean angle for each tooth was then compared 
between the different racial groups (Table 11). No 
significant patterns were observed. The only tooth which 
had a mean angle that differed significantly when compared 
with the other racial groups was the maxillary left cuspid, 
tooth number eleven in the White race which has an angle 
of 40.040 degrees compared to 23.643 for Blacks, 25.455 for 
Asians and 24.083 for Hispanics.
When arch width and depth were compared, the maxillary 
arch width was found to be greatest in the Black population 
at 34.595 (Table 12). The Asian population has the 
narrowest width at 32.323. The Black population also has 
the greatest mandibular arch width at 27.703 while the 
White population has the narrowest at 25.043.
When comparing the upper arch depths, the Black 
population has the greatest mean depth at 11.571 while the 
White population has an upper arch depth of 10.703 and the 
population group listed as Other has a depth of 9.030.
The lower arch depth was greatest in the Black population 
at 11.514 and least in the Hispanic population at 7.556. 
However, the population group listed as Other has a smaller 
arch depth of 6.364.
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TABLE 11 
TOOTH ANGLE
Tooth # Mean S.D. Min. Max. Valid No.
6 321.561 36.965 6 352 301
7 304.525 17.899 116 354 301
8 279.807 15.114 80 318 301
9 77.289 19.501 30 294 301
10 53.435 21.991 10 354 301
11 40.040 59.563 0 358 301
22 140.299 15.239 28 172 301
23 113.628 13.611 0 150 301
24 90.116 18.709 14 264 301
25 262.286 18.132 102 316 301
26 245.402 12.958 202 328 301
27 218.007 14.296 176 326 301
Total White population.
Tooth # Mean S.D. Min. Max. Valid No.
6 317.857 62.266 6 354 28
7 303.429 11.812 274 330 28
8 276.929 9.790 262 302 28
9 80.071 9.467 62 98 28
10 54.000 10.081 40 88 28
11 23.643 11.535 8 54 28
22 146.214 10.404 116 172 28
23 114.929 13.383 82 144 28
24 92.857 6.587 80 106 28
25 263.643 10.067 236 280 28
26 244.929 8.666 230 266 28
27 215.143 9.164 194 236 28
Total Black population.
TABLE 11 (continued)
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Tooth # Mean S.D. Min. Max. Valid No.
6 316.848 55.917 10 342 33
7 300.909 16.071 268 348 33
8 273.394 7.574 254 288 33
9 84.727 10.110 70 110 33
10 58.364 11.745 36 88 33
11 25.455 10.735 2 52 33
22 139.576 8.288 124 154 33
23 116.788 11.235 94 140 33
24 91.576 8.288 72 110 33
25 268.545 15.348 230 300 33
26 244.848 11.181 220 278 33
27 217.758 13.377 164 234 33
Total Asian population.
Tooth # Mean S.D. Min. Max. Valid No.
6 326.500 18.342 252 344 24
7 299.667 14.187 256 330 24
8 276.250 8.911 258 294 24
9 82.333 8.899 58 104 24
10 54.083 11.639 36 82 24
11 24.083 13.673 8 66 24
22 135.833 12.013 104 166 24
23 115.333 13.751 74 136 24
24 95.333 13.522 64 122 24
25 266.000 9.619 250 294 24
26 250.333 22.471 224 338 24
27 214.500 14.121 173 234 24
Total Hispanic population.
TABLE 11 (continued)
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Tooth # Mean S.D. Min. Max. Valid No.
6 288.727 92.989 20 342 11
7 294.909 7.006 284 306 11
8 273.091 9.481 254 292 11
9 83.636 11.448 58 96 11
10 57.636 11.826 36 78 11
11 65.636 97.533 2 348 11
22 123.091 39.104 44 164 11
23 107.273 18.958 60 130 11
24 108.182 54.600 56 260 11
25 258.909 53.317 108 310 11
26 254.000 13.416 230 274 11
27 222.182 17.169 198 252 11
Total Other population.
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TABLE 12
DIMENSION FOR MAXILLARY AND MANDIBULAR ARCHES
VARIABLE_________ Mean____ S.D. Min._____Max. Valid No.
Upper Arch Width 32.602 2.366 21.33 41.00 397
Lower Arch Width 25.320 2.284 11.67 33.33 397
Upper Arch Depth 10.782 1.682 5.67 16.00 397
Lower Arch Depth 7.767 1.447 2.67 12.00 397
Total population sample.
VARIABLE Mean S.D. Min. Max. Valid ;
Upper Arch Width 
Lower Arch Width
32.410
25.043
2.275
2.020
24.67
19.33
39.33
29.67
301
301
Upper Arch Depth 
Lower Arch Depth
10.703
7.718
1.661
1.405
6.67
3.00
16.00
12.00
301
301
Total White population.
TABLE 12 (continued)
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VARIABLE Mean S.D. Min. Max. Valid :
Upper Arch Width 34.595 2.468 30.67 41.00 28
Lower Arch Width 27.417 2.703 24.33 33.33 28
Upper Arch Depth 11.571 1.518 8.33 14.67 28
Lower Arch Depth 8.798 1.374 5.67 11.67 28
Total Black population.
VARIABLE Mean S.D. Min. Max. Valid 1
Upper Arch Width 32.323 1.510 28.00 35.33 33
Lower Arch Width 25.646 3.314 11.67 31.33 33
Upper Arch Depth 10.879 1.709 5.67 15.33 33
Lower Arch Depth 7.970 1.303 5.67 10.00 33
Total Asian population.
TABLE 12 (continued)
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VARIABLE Mean S.D. Min. Max. Valid No.
Upper Arch Width 33.069 3.330 21.33 39.00 24
Lower Arch Width 25.903 1.784 22.67 29.00 24
Upper Arch Depth 11.514 1.636 8.00 15.00 24
Lower Arch Depth 7.556 1.261 5.33 10.67 24
Total Hispanic population.
VARIABLE Mean S.D. Min. Max. Valid :
Upper Arch Width 32.606 2.010 29.33 35.00 11
Lower Arch Width 25.303 2.510 21.33 29.67 11
Upper Arch Depth 9.030 2.912 8.00 10.33 11
Lower Arch Depth 6.364 2.003 2.67 8.67 11
Total Other population.
51
CHAPTER IV 
COMPUTERIZED ANALYSIS OF SEX
In this chapter certain morphological and non-metrical 
features of the maxillary and mandibular anterior teeth 
will be discussed as possible indicators of sex difference. 
In addition, the mean angle for each tooth will also be 
analyzed. Finally, the metrical variability of the 
maxillary and mandibular arch width and depth will be 
discussed.
When the different tooth characteristics are compared 
between the total male and female population groups shown 
in Table 13, the female population sample has a higher 
percentage and number of teeth which are shovel-shaped. 
Shovelling of the maxillary central incisors is 16.3 
percent for tooth 8 and 15.0 percent for tooth 9 in males. 
The maxillary central incisors in the female population 
sample has a percentage of 25.7 for tooth 8 and 26.3 for 
tooth 9. These figures appear to reveal a sex difference, 
the females showing a greater degree of shovelling of both 
central and lateral incisors. This trend was also found 
in a study done by Jacobson (1982) in his study on the 
South African Negro. The male population sample has a
8
9
10
11
22
23
24
25
26
27
Tool
6
7
8
9
10
11
~~22
23
24
25
26
27
TABLE 13
52
MALE AND FEMALE POPULATION SAMPLES
shovel(%) restored(%) chip(%) other (%) missing(%)
3.1 0.9
12.3 4.8 0.4 0.9
16.3 8.4 2.6
15.0 9.3 1.3
9.7 7.5 0.4
1.3 0.9
0.9 0.4
6.2 0.9
10.1 0.9 0.4
8.8 3.5 0.9 0.4
6.6 1.3 0.4
____________ 1_J_________0.4 0.4
Total male population. Valid cases = 222.
shovel (%) restored (%) chip(%) other (%) missing {%)
0.6 1.7 1.1
13.7 5.1 1.1 0.6 1.7
25.7 5.1 0.6
26.3 6.3 0.6 0.6
14.9 8.0 1.7
1.1 3.4 1.1
2.3 0.6
13.7
16.0 0.6 1.1 0.6
14.9 1.1 0.6
12.6
0.6  _____
0.9
1.3
0.9
Total female population. Valid cases = 175.
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higher percentage and number of restored and chipped teeth. 
The female sample has teeth recorded as missing in the 
maxillary arch but not in the mandibular arch, whereas the 
male sample has teeth missing in the mandibular arch but 
not the maxillary arch.
Among the racial groups shown in Table 14, all the 
female groups revealed a higher incidence of shovelling 
than the male groups except for the Black female population 
which has a lower percentage of shovelling than the Black 
male group. The male and female racial groups found in 
Table 14 follow the same general trends as those found in 
the total population of males and females except for the 
Black male group. In the total population sample the 
Hispanic group has a higher percentage of shovelling than 
the Black group. In the male only racial population 
samples, the Black group has a higher percentage of 
shovelling than the Hispanic group.
When comparing the restored, chipped and missing teeth 
between male and female racial groups, no general trends 
were observed. The White male group has the highest 
overall percentage of restored teeth, however, the Black 
female group has a higher percentage of restored maxillary 
central incisors. The Hispanic female group has the 
highest percentage for teeth recorded as missing, both 
cuspids are 10.0 percent.
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TABLE 14
MALE AND FEMALE RACIAL GROUPS
Tooth # shovel (%) restored(%) chip(%) other(%) missing(%)
6 3.6 1.2
7 8.9 6.0 0.6
8 10.7 9.5 1.8
9 11.9 10.7 1.2
10 8.3 8.9 0.6
11 1.2 1.2
22 1.2
23 1.2 1.2
24 4.2 1.2 0.6 1.2
25 3.6 3.0 1.2 0.6 1.8
26 1.8 1.2 1.2
27___________________ 1.8_________0.6__________
Total White male population. Valid cases = 168.
Tooth # shovel(%) restored(%) chip(%) other(%) missing(%)
6
7 11.8 5.9
8 29.4 5.9
9 29.4 5.9
10 5.9
11
22 5.9
23 11.8
24 11.8
25 11.8 5.9
26 11.8 5.9 5.9
27  5.9
Total Black male population. Valid cases = 17.
TABLE 14 (continued)
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Tooth # shovel(%) restored(%) chip(%) other(%) missing(%)
6
7 56.3
8 62.5 6.3
9 31.3 6.3
10 31.3
1 1  ____
22
23 56.3
24 62.5
25 50.0 12.5
26 56.3
2 7______________________
Total Asian male population. Valid cases = 16.
Tooth # shovel(%) restored(%) chip(%) other(%) missinq(%)
6 7.1
7 14.3 7.1
8 21.4 7.1
9 21.4 7.1
10 14.3 14.3
11 7.1
22
23 7.1
24 28.6
25 28.6
26 7.1
27
Total Hispanic male population. Valid cases = 14.
TABLE 14 (continued)
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Tooth # shovel(%) restored(%) chip(%) other(%) missincf(%) 
6
7 14.3
8 14.3 14.3
9 14.3 14.3
10
11   ____
22
23
24
25
26
27_________________________________________________
Total Other male population. Valid cases = 7.
Tooth # shovel (%) restored (%) chip(%) other (%) missinq(%)
6 2.3
7 9.0 6.0 1.5 2.3
8 19.5 5.3 0.8
9 19.5 5.3 0.8
10 10.5 9.0 2.3
11 0.8 3.8
22 0.8
23 4.5
24 6.8 0.8
25 5.3 0.8 0.8
26 3.8
27
Total White female population. Valid cases = 133.
TABLE 14 (continued)
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Tooth # shovel(%) restored (%) chip(%) other(%) missincr(%)
6
7
8 9.1 18.2
9 18.2 27.3 9.1
10 9.1
11 9.1 9.1
22
23 9.1
24 9.1 9.1 9.1
25 9.1 9.1
26 9.1
2 7__________________________________________________
Total Black female population. Valid cases = 11.
Tooth # shovel (%) restored (%) chip(%) other (%) missinq(%)
6 5.9
7 58.8 5.9 5.9
8 76.5
9 76.5 5.9
10 58.8
11 5.9
22 17.6
23 82.4
24 82.4
25 82.4
26 76.5
27 5.9
Total Asian female population. Valid cases = 17.
TABLE 14 (continued)
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Tooth # shovel [%) restored(%) chip(%) other (%) missing(%)
6 10.0
7 20.0
8 40.0
9 40.0
10 20.0 10.0
1 1  10.0
22
23 30.0
24 40.0 10.0
25 40.0
26 30.0
27
Total Hispanic female population. Valid cases = 10.
Tooth # shovel{%) restored (%) chip(%) other (%) missing(%)
6
7
8 25.0
9 25.0
10
11
22 25.0
23
24
25
26
27
Total Other female population. Valid cases = 4.
When the mean angle for each tooth was compared 
between the male and female population samples, no 
significant sex differences were observed as shown in 
Table 15.
The total male population have a mean maxillary and 
mandibular arch width and depth which are larger than 
those of the total female population as shown in Table 16. 
Jacobson (1982) found that in almost all population groups 
studied, the male dental arch dimensions are larger than 
those of females. The mean dimensions do not differ 
greatly from each other except for the maxillary arch 
width. The male population has a mean maxillary arch 
width of 33.234 while the female population is 31.800.
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TABLE 15 
TOOTH ANGLE
Tooth # Mean S.D. Min. Max. Valid No.
6 319.441 45.942 6 352 222
7 302.423 18.680 116 350 222
8 278.027 16.282 80 304 222
9 79.027 21.942 30 294 222
10 54.000 11.079 12 90 222
11 37.973 57.965 0 358 222
22 139.342 16.091 28 172 222
23 113.261 14.976 0 150 222
24 95.369 23.354 14 264 222
25 262.856 19.465 102 310 222
26 245.027 13.047 214 328 222
27 218.577 14.998 164 326 222
Total male population., Valid cases = 222.
Tooth # Mean S.D. Min. Max. Valid No.
6 321.383 38.253 6 354 175
7 305.063 14.615 256 354 175
8 279.486 10.383 238 318 175
9 78.023 10.406 52 110 175
10 54.091 27.378 10 354 175
11 36.709 51.051 2 356 175
22 140.629 15.299 44 172 175
23 114.731 11.615 82 146 175
24 94.617 11.802 56 124 175
25 263.257 18.146 108 316 175
26 246.914 13.808 202 338 175
27 216.560 12.552 178 266 175
Total female population. Valid cases = 175.
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TABLE 16
DIMENSION FOR MAXILLARY AND MANDIBULAR ARCHES
VARIABLE_________ Mean____ S.D. Min._____Max. Valid No.
Upper Arch Width 33.234 2.219 25.33 41.00 222
Lower Arch Width 25.664 2.405 11.67 33.33 222
Upper Arch Depth 10.932 1.703 5.67 16.00 222
Lower Arch Depth 7.856 1.493 2.67 11.67 222
Total male population.
VARIABLE______ Mean S.D. Min. Max. Valid No.
Upper Arch Width 31.800 2.309 21,.33 38.00 175
Lower Arch Width 24.884 2.046 20,.33 29.67 175
Upper Arch Depth 10.593 1.638 6,.67 15.00 175
Lower Arch Depth 7.655 1.382 2,.67 12.00 175
Total female population.
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CHAPTER V 
SUMMARY AND CONCLUSIONS
In this computerized study of age, race and sex, the 
degree of shovelling was not noted as was done in a study 
by Goose and Roberts (1982) or Mayhall, Saunders and Belier 
(1982). Other features which were considered for study 
were diastemas found in the anterior teeth and occlusal 
attrition or wear. However, both of these traits require 
more study. For example, how much attrition need be 
present to be a distinctive feature in a bite mark. As 
noted by Euler (1931), after the age of forty-five, a 
diastema is found between the upper central and lateral 
incisors which is attributed to the excessive grinding down 
of the molars. As the molars wear down, the upper anterior 
teeth are forced apart by the lower anterior teeth pressing 
against them. The width of the teeth was also considered 
for study. Hanihara (1978), in general, indicates that 
wide teeth are found in males whereas narrow teeth may be 
found in females. However, Pederson and Reiser-Nielsen 
(1961) warn against the use of width in bite mark analysis 
because they are not indicative of the actual teeth of an 
individual.
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The following are some general conclusions which can 
be discussed after a review of the data. When the tooth 
characteristics were compared, the following observations 
were made. In the White racial group the maxillary central 
and lateral incisors show a higher percentage of shovelling 
in females than in males. In the Black racial group, 
however, it is the males that exhibit a greater incidence 
of shovelling than females, the sex difference in central 
incisors, however, is minimal. The 'greatest degree of 
shovelling is found in the Asian group, with the females 
showing a greater incidence than the males.
The tooth angles of the individual teeth have 
differences which are generally minimal. The determination 
of age, race and sex is a problem which may not be solved 
with certainty when analyzing bite marks. Generally, there 
are no sexual or racial differences. There are some 
differences in tooth angle between the four age groups.
The mean male arch width and depth are larger than 
those of the female. The mean Black width and depth are 
larger than those of the other racial groups. The mean 
width and depth for the Hispanic group was less than that 
of the Black group but greater than both the White and 
Asian population who had similar means for width and depth.
In sum, although the percentages were higher in some 
groups studied, the sample was considered too small to be 
able to determine whether the incidence of this frequency
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differed significantly from other groups. Caution should 
be exercised before attempting to use data as such for 
interpreting the results of comparisons of age, race and 
sex of different population groups. In spite of these 
percentages it is felt that further investigation on 
larger samples are necessary before accepting these 
differences as statistically significant.
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